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ROUTING NETWORK TRAFFIC BASED ON 
SOCIAL INFORMATION 

BACKGROUND 

0001 Social networking services are accessed by users to 
communicate with each other, share their interests, upload 
images and videos, create new relationships, etc. Social net 
working services typically operate in a distributed computing 
environment with data being distributed among one or more 
server clusters that are each located in one of multiple data 
centers. A server cluster is a grouping of server computing 
devices (“servers'). When a user of a social networking ser 
Vice sends a query to request data of his or her friends, a load 
balancing server can be the first server to receive the request. 
The load balancing server usually routes the request to any 
server that has a low load to balance the load across the server 
clusters. A server in the server cluster receiving the query first 
attempts to fetch the requested data from a cache. Ifrequested 
data is not cached, it is fetched from one or more databases. 
As the load balancing server routes queries based solely on 
load constraints, queries from (or pertaining to) the same user 
can end up being routed to different server clusters. This 
random routing of queries is inefficient because each time a 
query is routed to a different server cluster, there is a high 
likelihood that the requested data will not be cached, leading 
to a “cache miss. Consequently, the requested data will need 
to be fetched using the more operationally expensive database 
queries. A high frequency of fetching data using database 
queries can lead to increased latency, e.g., because the data is 
not cached. Moreover, as the queries of the same user are 
routed to different server clusters, the same data can eventu 
ally be cached in multiple server clusters. This duplication of 
cached data is also inefficient. 
0002 One way to increase “cache hits” (i.e., fetch data 
from a cache instead of database queries) is by routing net 
work traffic (“traffic') from the same user to the same cluster 
every time. However, because of load constraints, it can lead 
to inefficiency. For example, if a server cluster assigned to a 
user is overloaded, even if cached data requested by the user 
is available, there would be increased latency in fetching that 
cached data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1 is a block diagram illustrating an overview of 
an example environment in which some embodiments of the 
disclosed technology for routing traffic to clusters based on 
Social information may operate. 
0004 FIG. 2 is a block diagram illustrating partitioning of 
user population having common Social attributes into buckets 
in Some embodiments of the disclosed technology. 
0005 FIG. 3 is a block diagram illustrating a consistent 
hash ring for locating a cluster to which a data request asso 
ciated with a bucket identifier should be routed to improve a 
cache hit rate in some embodiments of the disclosed technol 
Ogy. 
0006 FIG. 4 is a data flow diagram illustrating routing of 
data requests of similar users to a same cluster to increase 
cache hits in Some embodiments of the disclosed technology. 
0007 FIG. 5 is a block diagram illustrating example com 
ponents of a traffic routing server in Some embodiments of the 
disclosed technology. 
0008 FIG. 6 is a logic flow diagram illustrating an 
example method of routing data requests from similarusers to 
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a same cluster to improve cache hit rates in Some embodi 
ments of the disclosed technology. 
0009 FIG. 7 is a logic flow diagram illustrating an 
example method of determining where to route a data request 
based on an identifier in the data request in Some embodi 
ments of the disclosed technology. 
0010 FIG. 8 is a block diagram illustrating a diagram 
matic representation of a computer system within which a set 
of instructions, for causing the computer system to perform 
any one or more of the methodologies discussed herein, can 
be executed. 

DETAILED DESCRIPTION 

0011. A technology for routing network traffic (“traffic) 
to frontend clusters based on Social information is disclosed 
herein. A social networking service employing the disclosed 
technology caches data of entities (e.g., users) with common 
Social attributes (e.g., friends) on the same frontend cluster 
(e.g., on one or more servers). The Social networking service 
then uses a “consistenthash ring to route requests of users to 
the frontend cluster that has the cached data. Doing so 
increases the cache hit rate, as a request of one user can be 
fulfilled using cache elements of other users with whom the 
user shares a common Social attribute. For example, consider 
a request of a user that requires fetching data about all of the 
friends of the user. When the request of the user is routed to a 
frontend cluster that caches data about the user and many of 
his or her friends, at least some of the requested data can be 
fetched from the cache, as the cache is likely to have cache 
elements of the users friends. This improves the cache hit 
rate and reduces the load imposed on the databases due to a 
cache miss. Moreover, the disclosed technology also reduces 
data duplication across different clusters as data about users 
with common social attributes can be stored in the cache of 
one frontend cluster instead of multiple caches. In addition to 
improving a cache hit rate and reducing data duplication, the 
disclosed technology also reduces network traffic between 
the servers, clusters, and data centers, thereby improving the 
efficiency of data centers. 
0012. In some embodiments, to determine which frontend 
cluster (or server) has cached data for a particular user, each 
data center stores a table that maps users to “buckets. Each 
bucket has a bucket identifier and includes a segment of the 
user population that is similar (e.g., similar users can have a 
common Social attribute). For example, a bucket can include 
a user and most of his or her friends. The user-to-bucket 
mapping and a consistent hash ring are used by a traffic 
routing server (e.g., a "load balancer) to route similar users 
to the same frontend cluster. The consistent hash ring is par 
titioned into a number of ring segments based on the number 
of available clusters (or servers). The traffic routing server 
hashes a bucket identifier associated with a request and uses 
the hash to locate a segment on the ring. The traffic routing 
server then routes the request to the frontend cluster corre 
sponding to the located segment on the consistent hash ring. 
0013 Various embodiments and implementations of the 
disclosed technology will now be described. The following 
description provides specific details for a thorough under 
standing and an enabling description of these implementa 
tions. One skilled in the art will understand, however, that the 
disclosed system and methods may be practiced without 
many of these details. Additionally, Some well-known struc 
tures or functions may not be shown or described in detail. So 
as to avoid unnecessarily obscuring the relevant description 



US 2016/008 788.0 A1 

of the various implementations. The terminology used in the 
description presented below is intended to be interpreted in its 
broadest reasonable manner, even though it is being used in 
conjunction with a detailed description of certain specific 
implementations of the disclosed technology. 
0014 FIG. 1 is a block diagram illustrating an overview of 
an example distributed environment 100 in which some 
embodiments of the disclosed technology may operate. The 
environment 100 includes one or more client computing 
devices 105A-D. Client computing devices 105A-D may 
operate in a networked environment using logical connec 
tions to one or more remote computers or web servers 125 in 
frontend clusters 120 through network. Requests from users 
typically reach a traffic routing server 115 first. The traffic 
routing server 115, in Some embodiments, can be a custom 
ized load balancing server that monitors loads on different 
frontend clusters 120. In some embodiments, the traffic rout 
ing server 115 resides in a “point of presence' outside the data 
centers. Instead of making traffic routing decisions randomly 
or based solely on load constraints, the traffic routing server 
115 routes traffic based on social information. For example, 
the traffic routing server 115 routes traffic from similar users 
to the same frontend cluster while respecting load constraints 
to achieve improved cache hit rates without putting excessive 
load on the frontend clusters. 

0.015. As illustrated, the environment 100 includes mul 
tiple frontend clusters 120. The frontend clusters 120 may be 
located in the same data center or in a different data center 
(not shown) in another geographic location. Each frontend 
cluster can include a number of web servers 125 and a caching 
layer 130. The caching layer 130 can include memcached 
servers, caching servers, and/or distributed data stores having 
a tier of caching servers, for example, that cache recently used 
data. Memcached is an efficient mechanism for storing shared 
data. The frontend clusters 120 are connected to backend or 
storage clusters 135. Each backend cluster 135 includes data 
bases that store data in a persistent manner. As illustrated, 
eachfrontend cluster 120 is an autonomous unit including the 
web servers 125 tied to the caching layer 130. Thus, once a 
frontend cluster is selected, the caching layer or cache cluster 
is also selected. Data that is cached in a caching layer of a 
frontend cluster can thus be used to serve web requests from 
that same frontend cluster. 

0016. It should be noted that the term “server” as used 
throughout this application refers generally to a computer, 
other device, program, or combination thereofthat processes 
and responds to requests (e.g., from remote users using client 
computing devices across a network 110, from other servers). 
Servers serve their information to requesting “clients.” The 
term "client’ as used herein refers generally to a computer, 
program, other device, user and/or combination thereofthat is 
capable of processing and making requests and obtaining and 
processing any responses from servers across a network. Cli 
ent computing devices and server computing devices may 
each act as a server or client to other server/client devices. 
Network 110 can be a local area network (LAN) or a wide 
area network (WAN), but may also be other wired or wireless 
networks. The client computing devices 105A-D can be con 
nected to network 110 through a network interface, such as by 
a wired or wireless network. 
0017 FIG. 2 is a block diagram illustrating partitioning of 
user population having common Social attributes into buckets 
in Some embodiments of the disclosed technology. As illus 
trated, the user population 205 (e.g., of a social networking 

Mar. 24, 2016 

service) can be partitioned into a number of buckets in Such a 
way that more edges (e.g., friendship edges) connecting users 
are “local or within a bucket than across buckets. Each edge 
can represent a common attribute between users (e.g., friend 
ship, city of residence, home town, interests, page likes, etc.). 
For example, a 50% edge locality means that a user is 
assigned to the same bucket as 50% of his or her friends on 
average. 

0018. In the diagram 200, the user population 205 is par 
titioned into N buckets or partitions 210. The number of 
buckets or partitions can depend on the size of the population. 
In Some embodiments, for a social networking service having 
a large number of users, the number of buckets can be also be 
high, with each bucket having a certain number of users. A 
large number of buckets helps keep the weight of a bucket 
(i.e., the number of users assigned to the bucket) down. So 
when the traffic needed to be rebalanced (e.g., due a cluster 
failure or other reasons), only a small number of users need to 
be migrated to another frontend cluster. 
0019. As illustrated, bucket 1 includes a user 230 who is 
connected to another user 235 in the same bucket via an edge 
220. Similarly, the user 235 in bucket 1 is connected to 
another user 240 in bucket 2 via an edge 225. In this example 
scenario, there are more edges that are local in bucket 1 than 
across buckets 1 and 2. In this manner, users who are similar 
(e.g., have a common Social attribute) are assigned to the 
same bucket. The mapping between the users (e.g., user iden 
tifiers) and their assigned buckets (e.g., bucket identifiers) are 
stored in a mapping table 215. The mapping of users to 
partitions or buckets can be performed using a technology for 
partitioning a node graph across multiple servers or a data 
center disclosed in co-pending application Ser. No. 14/043, 
730 titled “Systems and Methods For Dynamic Mapping for 
Locating and Balance.” which is expressly incorporated by 
reference herein. 

0020 FIG. 3 is a block diagram illustrating a consistent 
hash ring for locating a cluster to which a data request asso 
ciated with a bucket identifier should be routed to improve a 
cache hit rate in some embodiments of the disclosed technol 
Ogy. 

0021. A consistent hash ring 300 maps each bucket iden 
tifier to a frontend cluster or node. The consistent hash ring 
300 is an ordered ring of values of a n-bit hash (e.g., n is 64. 
128) and is partitioned into a number of segments N based on 
the number of frontend clusters. To decide where to send a 
request, the traffic routing server 115 computes a hash 310 of 
a bucket identifier associated with the request using a hash 
function. The computed hash corresponds to a point in the 
hash ring and is used to locate a ring segment. The traffic 
routing server 115 then sends the request to a frontend cluster 
corresponding to the ring segment. 
0022. By bucketing similar users into groups and treating 
the groups as routing elements, the traffic routing server 115 
can route similar users to the same frontend cluster every 
time. If one of the frontend clusters fails or becomes unreach 
able, the consistenthash ring enables the traffic routing server 
115 to locate another frontend cluster on the ring to route the 
traffic to, without having to completely reshuffle the user-to 
cluster assignment and invalidate the caches on the entire 
frontend clusters. Similarly, when a load on a frontend cluster 
is high, the consistent hash ring enables the traffic routing 
server 115 to locate a neighboring cluster on the ring to route 
Some of the traffic with minimal disruption. Consequently, 
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most users will continue to be routed to a same frontend 
cluster and very few users will need to migrate to a different 
cluster. 

0023 FIG. 4 is a data flow diagram illustrating routing of 
data requests of similar users to a same cluster to improve 
cache hits in Some embodiments of the disclosed technology. 
0024. As illustrated, a user 402 and users 404-412 share a 
common social attribute of “friendship.” Some of the users 
(i.e., users 402-406) are assigned to bucket 415 (bucket ID: X) 
while other users (i.e., users 408-412) are assigned to a dif 
ferent bucket 420 (bucket ID: Y). The traffic routing server 
receives a request from the user 402 (user ID: 2345). The 
request can be, for example, a request for data of the users 
404-412. The traffic routing server 115 translates the userID 
of the requesting user 402 into a bucket ID by querying the 
mapping table 215. The traffic routing server 115, using a 
consistenthash ring, then locates afrontend cluster mapped to 
a hash of the bucket ID and sends the request to that frontend 
cluster (i.e., frontend cluster 1). Since the users 402–406 are 
routed to the same frontend cluster, if any of the users 402–406 
had recently logged in to the system, the cache of frontend 
cluster 1 will have the recent results in memory. A server in 
the frontend cluster 1 can then respond to the request using 
cache elements from the cache. If the cache has no data or 
incomplete data, the server in the frontend cluster 1 can query 
database servers in the backend to fetch the requested or 
missing data. The data that is fetched is cached in the caching 
layer of the frontend cluster 1 so that subsequent requests can 
be fulfilled using data from the cache. The server in the 
frontend cluster 1 can then aggregate and send the requested 
data to the user 402. 

0025 Similarly, the traffic routing server 115 can subse 
quently receive a request from the user 404. The traffic rout 
ing server 115 determines a bucket ID corresponding to the 
user ID and hashes the bucket ID on the consistent hash ring 
to determine a frontend cluster that the data request should be 
directed to. The user 404 being on the same bucket as the user 
402, is directed to the same frontend cluster 1. As the caching 
layer of the frontend cluster already has data of the users 
402-406, a server in the frontend cluster 1 can use the cached 
data to respond to the data request. By co-locating users 402 
and 404 that share a common attribute to the same frontend 
cluster, the cache hit rate is thus improved, the frequency of 
backend queries is decreased and data duplication is also 
reduced. 

0026 FIG. 5 is a block diagram illustrating example com 
ponents of a traffic routing server 115 in some embodiments 
of the disclosed technology. 
0027. The traffic routing server 115 in some embodiments 
can include a coordinator 505, a mapping module 510 and a 
query routing decision engine 515. The coordinator 505 
receives requests (e.g., query requests or data requests) of 
users from client devices and can parse the requests to extract 
information contained in the requests. For example, the coor 
dinator 505 can extract a user identifier, a device identifier, a 
session identifier and/or an Internet Protocol (IP) address 
from a request. In some embodiments, the mapping module 
510 uses an identifier (e.g., user identifier) extracted from a 
request to query a mapping table to obtain a bucket identifier 
mapped to the user identifier. The query routing decision 
engine 515 includes a consistent hash ring module 520 that 
hashes a bucket identifierona consistenthash ring offrontend 
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clusters to determine a name or IP address of a frontend 
cluster to which the request is to be routed to increase a cache 
hit rate. 
0028 FIG. 6 is a logic flow diagram illustrating an 
example method 600 of routing requests from similar users to 
a same cluster to use each other's preloaded cache elements in 
responding to the requests in Some embodiments of the dis 
closed technology. 
0029. The traffic routing server 115 receives a request of a 

first user for data of a second user who shares a common 
attribute with the first user at block 610. The traffic routing 
server 115 then parses the data request to extract a user 
identifier associated with the first user at block 620. At block 
625, the traffic routing server 115 translates the user identifier 
to a bucket identifier. The bucket identifier is associated with 
a partition with more local edges within the partition than 
across partitions. The mapping between the first user and 
bucket identifier is stored in a mapping table 215. 
0030. At block 630, the traffic routing server 115 hashes 
the bucket identifier to a point in a consistent hash ring to 
identify a frontend cluster having cached data associated with 
users mapped to the bucket identifier. The traffic routing 
server 115 then routes the request to the identified cluster at 
block 635. A web server in the identified cluster 605 then 
receives the request at block 640. As the cluster 605 has the 
cached data associated with users mapped to the same bucket 
identifier, the web server responds to the request using data 
from the cache at block 645. 
0031 FIG. 7 is a logic flow diagram illustrating an 
example method 700 of determining where to route a request 
based on an identifier in the request in some embodiments of 
the disclosed technology. 
0032. At block 705, the traffic routing server 115 receives 
a request from a user. At block 710, the traffic routing server 
115 identifies a user identifier, a bucket identifier and/or an IP 
address associated with the request. At block 715, the traffic 
routing server 115 determines if a bucket identifier is avail 
able and if the bucket identifier is greater than or equal to zero. 
If true, at block 720, the traffic routing server 115 hashes the 
bucket identifier to a consistent hash ring segment to obtain a 
name of the frontend cluster to which the request is to be 
routed. At block 730, the traffic routing server 115 then routes 
the request from the user to the identified frontend cluster so 
that a web server in that frontend cluster can respond to the 
data request using data from the cache in the frontend cluster. 
0033. When a bucket identifier is not available or the 
bucket identifier is not greater than or equal to 0, at decision 
block 735, the traffic routing server 115 determines if a user 
identifier associated with the request is available. If true, the 
traffic routing server 115 hashes the user identifier to a con 
sistent hash ring segment to determine a name or other iden 
tifier (e.g., the IP address) of a frontend cluster which is likely 
to have cached data associated with users similar to the 
requesting user. If a user identifier is not available, the traffic 
routing server can hash an IP address to a consistent hash ring 
segment to identify a frontend cluster at block 745. The traffic 
routing server 115 can then route the request to the identified 
frontend cluster to improve a cache hit rate. 
0034 FIG. 8 shows a diagrammatic representation of a 
computer system 800 on which the embodiments of the 
present disclosure can be implemented. For example, the 
traffic routing server 115, the web server 125, caching serv 
ers, database servers and client devices 105A-D can be imple 
mented on the computer system 800. 
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0035. The computer system 800 generally includes a pro 
cessor 805, main memory 810, non-volatile memory 815, and 
a network interface device 820. Various common components 
(e.g., cache memory) are omitted for illustrative simplicity. 
The computer system 800 is intended to illustrate a hardware 
device on which any of the components depicted in the 
example of FIGS. 1, 4 and 5 (and any other components 
described in this specification) and methods described in the 
example of FIGS. 6-7 can be implemented. The computer 
system 800 can be of any applicable known or convenient 
type. The components of the computer system 800 can be 
coupled together via a bus 825 or through some other known 
or convenient device. 
0036. The processor 805 may be, for example, a conven 
tional microprocessor Such as an Intel Pentium microproces 
sor or Motorola powerPC microprocessor. One of skill in the 
relevant art will recognize that the terms “machine-readable 
(storage) medium' or "computer-readable (storage) 
medium' include any type of device that is accessible by the 
processor. 
0037. The memory 810 is coupled to the processor 805 by, 
for example, a bus 825 such as a PCI bus, SCSI bus, or the 
like. The memory 810 can include, by way of example but not 
limitation, random access memory (RAM). Such as dynamic 
RAM (DRAM) and static RAM (SRAM). The memory 810 
can be local, remote, or distributed. 
0038. The bus 825 also couples the processor 805 to the 
non-volatile memory 815 and drive unit. The non-volatile 
memory 815 is often a magnetic floppy or hard disk, a mag 
netic-optical disk, an optical disk, a read-only memory 
(ROM), such as a CD-ROM, EPROM, or EEPROM, a mag 
netic or optical card, SD card, or another form of storage for 
large amounts of data. Some of this data is often written, by a 
direct memory access process, into memory during execution 
of software in the computer system 800. The non-volatile 
memory 815 can be local, remote, or distributed. The non 
Volatile memory can be optional because systems can be 
created with all applicable data available in memory. A typi 
cal computer system will usually include at least a processor, 
memory, and a device (e.g., a bus) coupling the memory to the 
processor. 

0039 Software is typically stored in the non-volatile 
memory 815 and/or the drive unit 845. Indeed, for large 
programs, it may not even be possible to store the entire 
program in the memory. Nevertheless, it should be under 
stood that for Software to run, if necessary, it is moved to a 
computer readable location appropriate for processing, and 
for illustrative purposes, that location is referred to as the 
memory 810 in this disclosure. Even when software is moved 
to the memory for execution, the processor will typically 
make use of hardware registers to store values associated with 
the software, and local cache. Ideally, this serves to speed up 
execution. As used herein, a software program is assumed to 
be stored at any known or convenient location (from non 
volatile storage to hardware registers) when the software 
program is referred to as “implemented in a computer-read 
able medium. A processor is considered to be “configured to 
execute a program’ when at least one value associated with 
the program is stored in a register readable by the processor. 
0040. The bus 825 also couples the processor to the net 
work interface device 820. The interface can include one or 
more of a modem or network interface. It will be appreciated 
that a modem or network interface can be considered to be 
part of the computer system 800. The interface can include an 

Mar. 24, 2016 

analog modem, isdn modem, cable modem, token ring inter 
face, satellite transmission interface (e.g., “direct PC), or 
other interfaces for coupling a computer system to other 
computer systems. The interface can include one or more 
input and/or output devices 835. The I/O devices can include, 
by way of example but not limitation, a keyboard, a mouse or 
other pointing device, disk drives, printers, a scanner, 
speaker, DVD/CD-ROM drives, disk drives, and other input 
and/or output devices, including a display device. The display 
device 830 can include, by way of example but not limitation, 
a cathode ray tube (CRT), liquid crystal display (LCD), LED 
display, a projected display (such as a heads-up display 
device), a touchscreen or Some other applicable known or 
convenient display device. The display device 830 can be 
used to display text and graphics. For simplicity, it is assumed 
that controllers of any devices not depicted in the example of 
FIG. 8 reside in the interface. 

0041. In operation, the computer system 800 can be con 
trolled by operating system software that includes a file man 
agement system, Such as a disk operating system. One 
example of operating system software with associated file 
management system Software is the family of operating sys 
tems known as Windows(R) from Microsoft Corporation of 
Redmond, Wash., and their associated file management sys 
tems. Another example of operating system Software with its 
associated file management system software is the Linux 
operating system and its associated file management system. 
The file management system is typically stored in the non 
volatile memory 815 and/or drive unit 845 and causes the 
processor to execute the various acts required by the operat 
ing system to input and output data and to store data in the 
memory, including storing files on the non-volatile memory 
815 and/or drive unit 845. 

0042 Some portions of the detailed description may be 
presented in terms of algorithms and symbolic representa 
tions of operations on data bits within a computer memory. 
These algorithmic descriptions and representations are the 
means used by those skilled in the data processing arts to most 
effectively convey the substance of their work to others 
skilled in the art. An algorithm is here, and generally, con 
ceived to be a self-consistent sequence of operations leading 
to a desired result. The operations are those requiring physical 
manipulations of physical quantities. Usually, though not 
necessarily, these quantities take the form of electrical or 
magnetic signals capable of being stored, transferred, com 
bined, compared, and otherwise manipulated. It has proven 
convenient at times, principally for reasons of common 
usage, to refer to these signals as bits, values, elements, sym 
bols, characters, terms, numbers, or the like. 
0043. It should be borne in mind, however, that all of these 
and similar terms are to be associated with the appropriate 
physical quantities and are merely convenient labels applied 
to these quantities. Unless specifically stated otherwise as 
apparent from the following discussion, it is appreciated that 
throughout the description, discussions utilizing terms such 
as “processing or “computing or "calculating or “deter 
mining or “displaying or the like, refer to the action and 
processes of a computer system, or similar electronic com 
puting device that manipulates and transforms data repre 
sented as physical (electronic) quantities within the computer 
system's registers and memories into other data similarly 
represented as physical quantities within the computer sys 
tem memories or registers or other Such information storage, 
transmission, or display devices. 
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0044) The algorithms and displays presented herein are 
not inherently related to any particular computer or other 
apparatus. Various general purpose systems may be used with 
programs in accordance with the teachings herein, or it may 
prove convenient to construct more specialized apparatus to 
perform the methods of some embodiments. The required 
structure for a variety of these systems will appear from the 
description below. In addition, the techniques are not 
described with reference to any particular programming lan 
guage, and various embodiments may thus be implemented 
using a variety of programming languages. 
0045. In alternative embodiments, the machine operates as 
a standalone device or may be connected (e.g., networked) to 
other machines. In a networked deployment, the machine 
may operate in the capacity of a server or a client machine in 
a client-server network environment, or as a peer machine in 
a peer-to-peer (or distributed) network environment. 
0046. The machine may be a server computer (e.g., a data 
base server), a client computer, a personal computer (PC), a 
tablet PC, a laptop computer, a set-top box (STB), a personal 
digital assistant (PDA), a cellular telephone, an iPhone, a 
Blackberry, a processor, a telephone, a web appliance, a net 
work router, Switch or bridge, or any machine capable of 
executing a set of instructions (sequential or otherwise) that 
specify actions to be taken by that machine. 
0047. While the machine-readable medium or machine 
readable storage medium 850 is shown in an exemplary 
embodiment to be a single medium, the term “machine-read 
able medium' and “machine-readable storage medium’ 
should be taken to include a single medium or multiple media 
(e.g., a centralized or distributed database, and/or associated 
caches and servers) that store the one or more sets of instruc 
tions. The term “machine-readable medium' and “machine 
readable storage medium’ shall also be taken to include any 
medium that is capable of storing, encoding or carrying a set 
of instructions for execution by the machine and that cause 
the machine to performany one or more of the methodologies 
of the presently disclosed technology. Thus, machine-read 
able media can include “non-transitory' media, e.g., memory 
or transitory media, e.g., a signal. 
0048. In general, the routines executed to implement the 
embodiments of the disclosure, may be implemented as part 
of an operating system or a specific application, component, 
program, object, module, or sequence of instructions referred 
to as “computer programs. The computer programs typically 
comprise one or more instructions set at various times in 
various memory and storage devices in a computer, and that, 
when read and executed by one or more processing units or 
processors in a computer, cause the computer to perform 
operations to execute elements involving the various aspects 
of the disclosure. 

0049 Moreover, while embodiments have been described 
in the context of fully functioning computers and computer 
systems, those skilled in the art will appreciate that the vari 
ous embodiments are capable of being distributed as a pro 
gram product in a variety of forms, and that the disclosure 
applies equally regardless of the particular type of machine or 
computer-readable media used to actually effect the distribu 
tion. 
0050. Further examples of machine-readable storage 
media, machine-readable media, or computer-readable (Stor 
age) media include but are not limited to recordable type 
media Such as Volatile and non-volatile memory devices, 
floppy and other removable disks, hard disk drives, optical 
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disks (e.g., Compact Disk Read-Only Memory (CDROMS), 
Digital Versatile Disks, (DVDs), etc.), SD cards, among oth 
CS 

0051. Unless the context clearly requires otherwise, 
throughout the description and the claims, the words "com 
prise.” “comprising.” and the like are to be construed in an 
inclusive sense, as opposed to an exclusive or exhaustive 
sense; that is to say, in the sense of “including, but not limited 
to. As used herein, the terms “connected.” “coupled, or any 
variant thereof, means any connection or coupling, either 
direct or indirect, between two or more elements; the cou 
pling of connection between the elements can be physical, 
logical, or a combination thereof. Additionally, the words 
“herein.” “above.” “below, and words of similar import, 
when used in this application, shall refer to this application as 
a whole and not to any particular portions of this application. 
Where the context permits, words in the above Detailed 
Description using the singular or plural number may also 
include the plural or singular number respectively. The word 
“or in reference to a list of two or more items, covers all of 
the following interpretations of the word: any of the items in 
the list, all of the items in the list, and any combination of the 
items in the list. 
0.052 The above detailed description of embodiments of 
the disclosure is not intended to be exhaustive or to limit the 
teachings to the precise form disclosed above. While specific 
embodiments of, and examples for, the disclosure are 
described above for illustrative purposes, various equivalent 
modifications are possible within the scope of the disclosure, 
as those skilled in the relevant art will recognize. For 
example, while processes or blocks are presented in a given 
order, alternative embodiments may perform routines having 
steps, or employ systems having blocks in a different order, 
and some processes or blocks may be deleted, moved, added, 
subdivided, combined, and/or modified to provide alternative 
or Subcombinations. Each of these processes or blocks may 
be implemented in a variety of different ways. Also, while 
processes or blocks are at times shown as being performed in 
series, these processes or blocks may instead be performed in 
parallel, or may be performed at different times. Further any 
specific numbers noted herein are only examples: alternative 
implementations may employ differing values or ranges. 
0053. The teachings of the disclosure provided herein can 
be applied to other systems, not necessarily the system 
described above. The elements and acts of the various 
embodiments described above can be combined to provide 
further embodiments. 
0054 Any patents and applications and other references 
noted above, including any that may be listed in accompany 
ing filing papers, are incorporated herein by reference. 
Aspects of the disclosure can be modified, if necessary, to 
employ the systems, functions, and concepts of the various 
references described above to provide yet further embodi 
ments of the disclosure. 

0055. These and other changes can be made to the disclo 
sure in light of the above Detailed Description. While the 
above description describes certain embodiments of the dis 
closure, and describes the best mode contemplated, no matter 
how detailed the above appears in text, the teachings can be 
practiced in many ways. Details of the system may vary 
considerably in its implementation details, while still being 
encompassed by the Subject matter disclosed herein. As noted 
above, particular terminology used when describing certain 
features or aspects of the disclosure should not be taken to 
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imply that the terminology is being redefined herein to be 
restricted to any specific characteristics, features, or aspects 
of the disclosure with which that terminology is associated. In 
general, the terms used in the following claims should not be 
construed to limit the disclosure to the specific embodiments 
disclosed in the specification, unless the above Detailed 
Description section explicitly defines such terms. Accord 
ingly, the actual scope of the disclosure encompasses not only 
the disclosed embodiments, but also all equivalent ways of 
practicing or implementing the disclosure under the claims. 
0056. From the foregoing, it will be appreciated that spe 

cific embodiments have been described herein for purposes of 
illustration, but that various modifications may be made. 
Accordingly, the embodiments are not limited except as by 
the appended claims. 
We claim: 
1. A method comprising: 
receiving requests from multiple users, each user being 

assigned to a partition, wherein some of the multiple 
users having a common Social attribute are assigned to a 
same partition; 

locating, for each request, a node on a hash structure based 
on an identifier corresponding to a partition to which a 
user associated with the request is assigned; and 

sending the requests to the nodes, wherein requests of some 
of the multiple users assigned to the same partition are 
sent to a same node. 

2. The method of claim 1, wherein locating the node on the 
hash structure further comprises generatingahash value from 
the identifier usingahash function and using the hash value to 
locate the node on the hash structure. 

3. The method of claim 2, wherein the hash structure is a 
consistent hash ring. 

4. The method of claim 1, wherein sending the requests of 
the Some of the multiple users assigned to the same partition 
to the same node increases a cache hit rate associated with the 
node. 

5. The method of claim 4, wherein the node is a cluster of 
web servers and the hash structure is a consistent hash ring 
partitioned into a number of segments based on a number of 
clusters of web servers. 

6. The method of claim 1, wherein the identifier corre 
sponding to the partition is determined by: 

extracting a user identifier from the request associated with 
the user, and 

determining from a mapping table, the identifier mapped to 
the user identifier. 

7. The method of claim 1, wherein a node receiving the 
requests of the Some of the multiple users assigned to the 
same partition fulfills the requests using cached content. 

8. A computer-readable storage medium storing instruc 
tions, comprising: 

instructions for receiving requests from multiple users; 
instructions for determining, for each request, an identifier 

of a partition to which a user associated with the request 
is assigned; 

wherein the partition co-locates the user with at least half of 
other users with whom the user shares a social attribute; 

instructions for locating a nodeonahash structure based on 
the identifier of the partition; and 

instructions for sending the requests to the nodes, wherein 
requests of users that are assigned to the same partition 
are sent to a same node to improve a cache hit rate. 
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9. The medium of claim 8, wherein the node improves the 
cache hit rate by fulfilling a request of a user using cached 
elements of other users assigned to the same partition as the 
USC. 

10. The medium of claim 8, further comprising: 
instructions for extracting, from the request, a user identi 

fier of the user associated with the request to determine 
the identifier of the partition to which the user is 
assigned. 

11. The medium of claim 10, wherein locating the node on 
the hash structure comprises: 

instructions for computing a hash of the identifier of the 
partition using a hash function; and 

instructions for using the hash of the identifier to locate the 
node on the hash structure. 

12. The medium of claim 11, wherein the hash structure is 
a consistent hash ring with multiple nodes being placed at 
points on the consistent hash ring. 

13. The medium of claim 12, wherein the node is a web 
server or a cluster of web servers. 

14. The medium of claim 8, wherein remaining users with 
who the user shares the social attribute are located in another 
partition. 

15. A system, comprising: 
a traffic routing server, and 
multiple server clusters coupled to the traffic routing 

server, each server cluster having a set of cache servers 
for storing recent data; 

wherein the traffic routing server is configured to receive 
requests from multiple users and route the requests from 
at least some of the multiple users having a common 
Social attribute to a same server cluster among multiple 
server clusters to improve a cache hit rate. 

16. The system of claim 15, further comprising: 
a datastore configured to store a mapping between user 

identifiers of the multiple users and bucket identifiers 
associated with partitions to which the multiple users are 
assigned, whereina user and at least a half of other users 
with whom the user shares the common social attribute 
are assigned to a same partition. 

17. The system of claim 16, wherein the traffic routing 
server is further configured to: 

extract, from each received request, a user identifier of a 
user, and 

retrieve, from the datastore, a bucket identifier correspond 
ing to the user identifier of the user. 

18. The system of claim 17, wherein the traffic routing 
server uses a hash structure to identify the server cluster from 
the multiple server clusters, wherein the hash structure is a 
consistent hash ring with the multiple server clusters being 
placed at points on the consistent hash ring. 

19. The system of claim 18, wherein the traffic routing 
server is further configured to: 
compute a hash of the bucket identifier using a hash func 

tion; and 
locate on the consistenthash ring a segment corresponding 

to a server cluster using the hash. 
20. The system of claim 15, wherein the traffic routing 

server is configured to route the requests from the multiple 
users to one or more of the multiple server clusters according 
to load constraints. 


